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Abstract 

We consider the coupling to gravity in 4 + 5 dimensions of a non 
linear electroweak symmetry breaking sector, with 5 compactified di- 
mensions, and derive an effective lagrangian by integrating over the 
KK excitations of the graviton and of the dilaton. The effective chiral 
lagrangian describes the interactions of the electroweak gauge bosons 
and the goldstone bosons from the electroweak breaking. 
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1 Introduction 



There is been recently a growing interest in theories in 4 + 5 dimensions with 
5 compactified dimensions and an effective Planck scale Mp;( 4+< 5) which can 
be lower than the Planck scale jl[ 0. In these models gravity propagates in 
4 + 5 dimensions while strong and electroweak interactions are bounded on a 
three dimensional brane. Experimental tests of gravity exclude an effective 
Planck scale Mpu^ down to one TeV for 5 = 1 and a recent experiment has 
also put a limit M Pl ^ > 3.5 TeV for the case 5 = 20. The phenomenology 
of these scenarios has been largely studied 0, [5], § , concentrating mainly on 
the KK excitations of the gravitons [HL Rl but also on KK excitations of 
the dilatons || [7|, ||. If the gravity is brought down to one TeV scale then 
there could be some intertwining between gravity and electroweak symmetry 
breaking. A new mechanism of spontaneous symmetry breaking induced by 
the Kaluza Klein (KK) excitations have been recently proposed [0. The 
phenomenological consequences of the graviscalar Higgs boson mixing have 
been analysed 0, ||. In this note we consider a non linear breaking of the 
electroweak symmetry and derive an effective lagrangian by integrating over 
the KK excitations of the graviton and of the dilaton. The effective chiral 
lagrangian describes the interactions of the electroweak gauge bosons and 
the goldstone bosons from the electroweak breaking. 

The starting point of the model is the Einstein lagrangian in 4 + 5 dimen- 
sions |, n 

One first expands around the flat metric 

9fu> = V(a> + «^££ + 0(k 2 ) (2) 

(/t, v = 0, 1, 2, 3, • • • , 3 + 5) and then one performs a dimensional reduction 
using the following ansatz for the metric 

^ = V -WV + W A.) (3) 



with kV s 1//2 = k = Vl6vr/Mp;, where Mpi is the usual Planck mass for 

f -(5/2+l 
l Pl(A+5) 



three spatial dimensions and Vs = L s (k ~ ^piu+S)) an d 4> = 4>u denotes 
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the dilaton mode. After compactification on a 5 dimensional torus T s one 
expands the fields in Fourier modes ft,™ A n ^ and 0™-. 

The lagrangian for the massive n-KK states at the leading order in k is 
given by @, g] 



+ E W - ™^5^") ( 4 ) 

W)=i 

where /i™ = d u h™ and 

< - ^ (5) 

with n 2 = n 2 , n = (ni,n 2 , . . . ,^,5). For the definition of the fields h™ v , 
and 0™- in terms of N 1 , A™ { and 0™- see || f|. 
The fields are subjected to the constraints 

ff>A% = 0, M* = , n,0j = O (6) 

The total lagrangian £ is obtained by summing C n only over n values such 
that the first non-zero n k is positive. We will denote this sum by J2a>o 0- 
Matter fields leave in four dimensions and their action is given by 

/ d A x^~ d C(g md , S, V, F) (7) 

for scalar (S), vector (V) and fermions (F). Expanding the metric (j m ,i) F = 
V^u + + Wiwfyi tlie order k of eq.(|7|) is given by 

_ * J d^xihTT^ + 0T£) (8) 

where 

2^ = + 2 f ^ (9) 
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is the energy-momentum tensor. 

The interactions of the massive n-KK states to the matter fields are given 

by 



where 



1/2 



_3(5 + 2)_ 

In conclusion we will consider the lagrangian 



(10) 



(11) 



(12) 



n>0 



Integrating out h n , A n and <ft n fields, one gets an effective lagrangian given 
by 11,0 



all n 



where 



V 



1 



□ + ml 



and P pV)Pa in the momentum space is 



(13) 



(14) 



P 



va ~r Qp.cjQvp 9pu9pu) 



2ml 



12 2 

+ t;(,9uv H wkpk u )(g p(7 -\ ^k p k 
b mi mi 



(15) 



The integration over the fields A n is trivial, because these fields decouple. By 
using in the effective action the conservation of T pu (or the classical equations 
of motion), one can rewrite C e s as 



all ft \ 



(16) 
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The sum ^Saiin^ is ultraviolet divergent for S > 2. Different procedures 
of regularization have been suggested |4], ||. For instance using an ultraviolet 
cutoff M s one gets, for M s » y/s, gj 

7EP=7^~ 9^ nx +QW^g) M^>2 (17) 

4 alln 2 n>0 2M s( 5 " 2 ) 

xE^ = yE^~T^4%v + 0(s/M|) for6 = 2 (18) 

alln n>0 S 1 

2 Coupling to scalars 

For a general complex scalar field $, we have the following energy- momentum 
tensor 

7% = -V„uD p ^D p ^ + V ^V(^)+D^D^ + D^D^ (19) 

where the gauge covariant derivative is defined as 

D, = 0„ + z^T a (20) 

with g the gauge coupling, A® the gauge fields, T a the Lie algebra generators 
and V(&$) is the potential. 

If we are interested in the non linear breaking of the 577(2) x U(l) sym- 
metry it is usual to work with the matrix 

M = V2^°_ -^-)=v^(*,-io*&*) (21) 

if $ denotes the SM Higgs doublet. The description of the non linear breaking 
is obtained with the condition M^M = v 2 , v 2 = 1/(\^2Gf) and therefore it 
is more convenient to introduce a unitary matrix U, such that M = vlf. By 
requiring a custodial SU (2) the effective scalar field lagrangian at the lowest 
order is then written as || 

£ = jg ap tv(D°tfD»U) - ^^^tr(W^W^) - i^ p<T tr(Y^Y w ) 
+ 0(p') ' ~ (22) 
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where denotes the 377(2) X [7(1) covariant derivative 

DfJJ = + ^W^tf - "-g'UY.r 3 (23) 

and 

= fawt - d v W; - ge^Wt) (24) 

Y fH/ = '^(d li Y v -d v Y li ) (25) 

Notice that the nonlinear realization of the scalar field excludes terms of the 
type ||, i? being the scalar curvature. 

The energy momentum tensor, using eqs.(|]) and (|2~2"D , can be expressed 

as 

T, u = Tl + T% (26) 

where 

,2 



= - V »„jtr[(D p UyD»U] 



v 2 



+ —{trftD^D^+tiftD^DpU]} (27) 
is the contribution from the scalar field lagrangian and 

T% = ^^[tr(W^W pCT )+tr(Y^Y pCT )] 

- 2[tr(W Mp W/)+tr(Y w Y/)] (28) 



is the contribution from the gauge field kinetic term lagrangian. Notice that 
(l' C % - o. 

3 Effective lagrangian 

By using the eqs.(PS|) and ( |2T)| ) one finds the following expression for the 
effective lagrangian 

£ = C + C KK (29) 



where Cq is given in eq.fl22|), 

C KK = C S + C G (30) 
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with 



K 2 V 4 



n>0 



and 



+ (-~+u;f-^)tr(D p tfDOUy 

2 2 

+ T E V ^(D^DPU) [tr(W^W^) + tr(Y^Y^)] 

n>0 

2^tr[ J D^t jD ^ ][tr(WMpW ^ )+tr( Y Mp Y/)]l (31) 



£ G = -^E^K tr ( W ^ W ^)) 2 + ( tr (Y^Y^)) 5 

2 n>0 



+ 2tr(W^W^)tr(Y^Y 
+ 2/t 2 ^P[tr(W /ip W/)tr(W^W 



P " 

n>0 



+ tr(Y, p Y/)tr(Y^Y^) 

+ 2tr(W w W/)tr(Y^Y^)] (32) 

where now J2h>o'D is given by the expansions in eqs. (|H],[T^). Crk is the 
term coming from integrating the KK excitations of the graviton and of the 
dilaton. C s contains terms of dimension four and six, while L G contains 
dimension eight operators. These contributions from KK excitations will 
add to other terms in eq.(^2t) of order 0(p A ) and higher order in principle 
already existing. For simplicity we have neglected these terms. 

Let us now consider the standard parametrization for SU{2) L x SU{2) R 
invariant Lagrangian up to the order p 4 , 

£' = jtY(D p tfD»U) 

+ a 4 [tr(D^D u U)} 2 

+ a 5 [ti{D p U^D p U)] 2 (33) 

Assuming 5 > 2 one has has 



TKK 2 4 4 

„KK ^2 K U <n V (n A \ 

a * = 16^ = ^5o 2M$(5-V (34) 
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a 



KK 



L? k _k 2 v* f 1 2 6-l\ 1 «V 

n>0 \ / n>0 



5 " 16tt 2 8 £ I 3 5 2 j 5 + 2 8 
1 v 4 



5 2 - 4 2M| 



(35) 



Here we have also introduced the alternative parameterization [1 I 



The dimension six remaining terms have been also considered [JHJ. These 
contain anomalous fourlinear and higher order gauge couplings and WW 
goldstone boson vertices. In the list of possible operators of Jl2| these corre- 
spond to k™, k™, fcg, k h c terms and contribute to WW'j'j, WW and ZZZ^ 
vertices 

k w k w 

-^ g hi{W, v W^)ti{y a V a ) + ^^ 2 tr(W^W^)tr(^\4) 

+ ^' 2 tr(Y^Y^)tr(y Q y Q ) + |f /V(Y^Y^)tr(V-V a ) (36) 

V. = (D a U)rf (37) 
tr(^K) = -tT[(D"U)\D a U)] (38) 



with 
Since 
one has 



and 



Uw 2 2 2 

& = -+& v= -*m=T) k "- ik " (39) 

l^-Tp-iMf^i («) 

In principle these can be studied at LEP2 and future linear colliders with 
the processes 

• e+e" -> H/ + H/"7 

• e + e~ — > Z77 

• e + e~ — > ZZ7 
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Present limits from LEP2 are k 1 ^^ /A 2 ~ 10 2 — 10 3 GeV 2 [O] and increase 



1 

Ml 



(41) 



to fe^/A 3 ~ 10" 5 GeV- 2 at a linear collider with yfs = 500 GeV and an 
integrated luminosity of L = 500 fb^ 1 |TIJ. Similar bounds are obtained at 
LHC by studying the processes pp — > 77iy*(^ Zv) and — > •yyZ*(—^ 11) 
iljj . However assuming 

n>0 

and M5 ~ 1 TeV the expected value of these anomalous couplings is of order 
Icq c/A 2 ~ 10~ 7 — 10~ 8 GeV~ 2 . This turns out much smaller than the possible 
reaches of LHC and LC with yfs = 500 GeV. 

The 04 and a§ terms contribute to WW scattering with strength which 
assuming Ms ~ 1 TeV are O(10~ 3 ); therefore they are at the border of the 
regions which can be be tested at LHC with L = 100 fb^ 1 and at a LC 
with y/s = 1.8 TeV and L = 200 fb^ 1 |L5f (see also |L6| for reviews on 



future measurements of electroweak symmetry breaking effective lagrangian 
parameters) . 

The dimension eight operators give additional contribution to WW scat- 
tering and furthermore contain a 7 4 coupling which can be studied at 77 
collider. For instance at a 77 option of a y/s = 500 GeV LC one can test 

1 TeV LC with L = 200 fb~ l one can test 
> 77e + e _ WE . 



M s ~ 4 TeV 0; at a 
masses M 5 ~ 3 TeV studying e + e 
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